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是 HEV 的最主要动物宿主和人类戊肝的重要传染源。 
由于缺乏有效的细胞培养模型或小动物模型，HEV 感染及复制过程的分子
机制一直未被阐明，HEV 如何选择宿主、多种基因型却呈现单一的血清型等问









首先，获得首个 1 型 HEV 的 E2s domain（aa459-606）的高分辨率晶体结构，




的二聚化是中和表位形成的基础，中和表位位于 E2s 的凹槽区（Groove region），
E2s 可能参与病毒与细胞的相互作用。 

















根据本实验室已有的单抗，考察 1、4 型 HEV 的单抗反应谱，得到 8 株 1 型特异
性抗体，其中单抗 8C11 为重要的免疫优势中和抗体，但倾向于中和 1 型 HEV，
而不中和 4 型 HEV，可供进行中和表位及其基因型特异性研究。 
最后，获得了第一个 HEV 抗原-抗体复合物（E2s-8C11 Fab）的晶体结构，
分辨率为 1.9 Å，从而精确定位了该表位的结合氨基酸。定点突变研究表明，Arg512
是 HEV 衣壳蛋白与 8C11 相互作用中最关键的氨基酸。通过细胞模型阐明了该
中和表位在病毒-宿主识别中的作用机理。构建了 E2sIV 与 8C11 的复合物结构模
型，与 E2s-8C11 复合物的结构比对揭示了 1、4 型 HEV 在 8C11 中和表位的结
构差异仅为 497 位氨基酸中一个甲基的差异，即：Ser 和 Thr。生物传感器测定
抗原抗体亲和力实验显示，8C11 与 1、4 型衣壳蛋白的结合常数差异为 2 个 log，





























Structural basis for the dimerization, neutralizing epitope 
and genotype specificity of hepatitis E virus capsid protein  
Abstract 
Hepatitis E (HE) is one of the major viral hepatitis caused by infection with the 
hepatitis E virus (HEV), and often leads to outbreaks. With the increasing study, the 
threats to public health and clinical presentation of HE have been shown to be much 
broader than previously believed. Recent studies have confirmed that HE is a zoonotic 
disease and swine is a principal reservoir of HEV that infects humans. 
Due to the absence of effective cell culture system and animal model, the 
molecular mechanism of infection, replication, host selection, 4 genotypes and one 
serotype of HEV still remain unclear. Structural protein encoded by HEV ORF2 can 
assemble into capsid, and closely relate to viral attachment, penetration, pathology, 
host tropism, genotype, and host immune response, and so on. Therefore, to study the 
structural features, important immune epitopes and host cell receptor of HEV capsid 
protein may help to elucidate the structural basis, genotype specificity, infection 
mechanism and pathogenesis of HEV, and, furthermore, to provide significant 
information and clew for molecular epidemiology, diagnostics, and vaccine 
development of HEV.  
In this study, X-ray crystallography was used to solve the structures of capsid 
proteins of genotype 1 and 4 HEV, and their immune complex structures of 
neutralizing antibody. Based on these structures, functional studies such as 
mutagenesis and cell study were performed, revealing the dimerization of capsid 
protein, neutralizing antibody recognition site and essence of genotype specificity.  
First, we reported for the first time the crystal structure of the genotype 1 HEV 
capsid protein E2s domain (aa459-606) at 2.0Å resolution. The protruding domain 
E2s with a typical β-barrel structure formed a tight homodimer. E2s, adopting an 
unique folding, has no significant structural homology up to date, but similarity 
















had common evolutionary origin. Together with functional studies, we illustrated that 
the dimerization was essential for HEV–host interactions. We also showed that the 
neutralizing antibody recognition site of HEV was located on the groove region of 
E2s domain.  
Secondly, we determined the crystal structure of genotype 4 HEV E2s domain 
(E2sIV) at 1.79Å resolution. Structural comparison between E2s and E2sIV showed 
that the major difference was in the groove region. Several anti-HEV antibodies were 
screened by the antibody response spectrum of genotype 1 and 4, and 8 antibodies 
with genotype 1 specificity were found. One of these genotype 1 specific antibodies, 
8C11, was a neutralizing antibody which neutralized only genotype 1 HEV, and could 
be used in the study of neutralizing epitopes and genotype specificity. 
Last, we reported the complex crystal structure of 8C11 Fab with genotype 1 
HEV E2s domain (E2s-8C11 Fab) at 1.9Å resolution and accurately maped the 8C11 
epitope. Mutations and cell model assays identified Arg512 as the most crucial residue 
for 8C11 interaction with and neutralization of HEV. A structure model of E2sIV 
complex with 8C11 was generated and the comparison between the 8C11 complexes 
with type 1 and 4 revealed the key residue (aa497) that distinguishes these two 
genotypes. The residue at amino acid position 497 at the 8C11 epitope region of E2s 
was distinct amongst these two genotypes. Swapping this residue from one genotype 
to another inversed the 8C11 reactivity, demonstrating the essential role played by 
aa497 in the genotype recognition. 
In sum, by methods of structural biology, biochemistry, molecular biology and 
cell biology, we illustrated the structural basis of dimerization, neutralizing epitopes 
and genotype specificity of HEV capsid protein, and understood basic structural unit, 
significant immunodominant epitopes and genotype specificity of HEV virion at 
molecular level. Based on all these results, we provided the structural information and 
the theoretical basis of biological studies, molecular epidemiology, pathology, cell 
receptor, diagnostics and vaccine development of HEV, as well as the research ideas 
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APCs：Antigen Presenting Cells, 抗原呈递细胞 
AUC：Analytical Ultracentrifugation, 分析型超速离心技术 
BIA：Biospecific Interaction Analysis, 生物特异相互作用分析 
bp：base pair，碱基对 
CD：Circular Dichroism, 圆二色性 
CDR：Complementarity Determining Region, 抗原互补决定区 
CH：Constant Region of Heavy Chain, 重链恒定区 
CL：Constant Region of Light Chain, 轻链恒定区 
cryo-EM：cryo-Electron Microscopy, 冰冻电子显微镜 
CTL：Cytolytic T lymphocyte, 细胞毒性 T 淋巴细胞 
Da：Dalton，道尔顿 
DC：Dentritic Cell, 树突状细胞 
DLS：Dynamic Light Scattering, 动态光散射 
DNA：Deoxyribonucleic Acid，脱氧核糖核酸 
ELISA：Enzyme-linked ImmunoSorbant Assay，酶联免疫吸附测定 
EM：Electron Microscopy, 电子显微镜 
ER：Endoplasmic Reticulum, 内质网 
Fab：Fragment-antigen binding, 抗体的 Fab 段 
Fc：Fragment crystallizable, 抗体的 Fc 段 
GFC：Gel Filtration, 凝胶过滤层析 
HCCA：α-cyamo-4- hydroxycinnamic acid, α-氰基-4-羟基肉桂酸 
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